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REVIEW  OF  LITERATURE 


LITERATURE  REVIEW 

PROPERTIES  OF  THE  VIRUS 

Bovine  herpesvirus  1  (BHV-1) ,  also  known  as  IBR  virus 
and  IPV  virus,  is  responsible  for  a  complex  of  clinical 
manifestations  in  cattle  ,  some  of  which  include:  rhinitis, 
tracheitis,  vulvovaginitis,  abortion,  conjunctivitis,  and 
encephalitis  (Gibbs  et  al,  1977) .  BHV-1  is  a  member  of  the 
family  Herpesviridae ;  subfamily  alphaherpesvirinae  (Matthews, 
1982;  Roizman  and  Batterson,  1985).  It  is  a  DNA  virus  as  was 
first  suggested  by  Armstrong  et  al  (1961),  double-stranded 
with  an  average  molecular  mass  of  84x10^  daltons  (Seal  et  al, 

1985)  .  BHV-1  particles  have  a  diameter  of  145  to  156  nm 
(Tousimis  et  al,  1958) .  The  capsid  contains  162  hollow 
capsomeres  arranged  in  an  icosahedral  symmetry;  an  envelope 
surrounds  the  nucleocapsid  derived  from  the  nuclear  membrane 
(Watrach  and  Bahneman,  1966;  Bocciarelli  et  al,  1966) .  BHV- 
1  specifies  33  structural  polypeptides,  11  of  which  are 
glycosylated  (Misra  et  al,  1981;  Bolton  et  al,  1983;  Chang  et 
al,  1986) .  Ten  glycoproteins  with  molecular  masses  ranging 
from  45Kd  to  180Kd  (Marshall  et  al,  1986)  ,  and  one  non- 
glycosylted  107Kd  protein  (Chang  et  al,  1986;  Marshall  et  al, 

1986)  were  located  on  the  viral  surface.  Immunoprecipitations 
with  monospecific  and  monoclonal  antibodies  showed  3  sets  of 
coprecipitating  glycoproteins,  180Kd/97Kd,  150Kd/77Kd,  and 
130Kd/74Kd/55Kd,  were  the  major  components  of  the  BHV-l 
envelope  and  were  also  present  on  the  surface  of  BHV-1- 


infected  cells  (Marshall  et  al,  1986) .  180Kd/97Kd  and 
150Kd/77Kd  glycoproteins  contain  epitopes  which  induce 
neutralizing  antibodies  (Van  Drunen  Littel-van  den  Hurk  and 
Babiuk,  1985;  Marshall  et  al,  1986).  Other  glycoproteins  or 
glycoprotein  complexes  were  identified  by  investigators 
(Bolton  et  al,  1983;  Van  Drunen  Littel-van  den  Hurk  and 
Babiuk,  1985;  Collins  et  al,  1985a).  The  glycoproteins  on 
the  viral  envelope  are  pivotal  in  the  virus-host  relationship 
since  they  are  involved  in  the  recognition,  attachment,  and 
penetration  of  herpesviruses  into  susceptible  cells  (Little 
et  al,  1981),  viral  neutralization  (Glorioso  et  al,  1984; 
Lupton  et  al,  1980)  and  in  the  immune  destruction  of  infected 
cells  (Bishop  et  al,  1981;  Carter  et  al,  1981;  Rouse  et  al, 
1984) 

The  various  strains  of  IBR  virus  are  antigenically 
homogeneous,  although  slight  differences  between  them  have 
been  demonstrated  by  neutralization  tests  in  tissue  culture 
(York  et  al,  1957).  seal  et  al  (1985)  demonstrated 
differences  between  genomes  of  several  viral  isolates  of  BHV- 
1  from  different  forms  of  the  disease  by  DNA  restriction 
enzyme  analyses  ,  but  nucleic  acid  hybridization  studies  of 
viral  DNAs  indicated  at  least  a  95%  genetic  homology.  Studies 
performed  with  a  number  of  BHV-1  isolates  grouped  them  into 
3  antigenic  types  on  the  basis  of  restriction  endonuclease  and 
protein  analyses  (Metzler  et  al,  1986;  Friedli  et  al,  1987). 
The  third  group  seems  to  differ  biologically  from  the  two 


other  types  as  it  shows  neurotropic  properties  in  calves 
(Bagust  et  al,  1972;  Hall  et  al,  1966;  Carrillo  et  al,  1983; 
Schudel  et  al,  1986) .  The  3  types  can  not  be  discriminated 
clearly  by  conventional  serological  methods  (Metzler  et  al, 
1986) .  Relationship  of  BHV-1  with  equine  rhinopneumonitis  has 
been  demonstrated  by  complement- fixation  and  gel  diffusion 
(Carmichael  and  Barnes,  1961).  IBR,  Marek's  and  Burkitt's 
lymphoma  viruses  share  a  common  antigen  as  shown  by  gel 
diffusion  and  indirect  flourescence  antibody  techniques  (Evans 
et  al,  1972) .  BHV-1  and  caprine  herpesvirus-1  also  have  a 
common  antigen  (Berrios  and  McKercher,  1975) .  BHV-1  genome 
exhibits  approximately  8%  homology  with  pseudorabies  virus 
genome  (Bush  and  Prichett,  1985) . 
CLINICAL  MANIFESTATIONS  ASSOCIATED  WITH  IBR  VIRUS 

Infectious  bovine  rhinotracheitis  (IBR)  has  been 
described  as  "an  acute,  contagious  febrile  infection  of 
cattle,  characterized  by  an  intense  inflammation  of  the  upper 
respiratory  passages  and  trachea  and  accompanied  by  dyspnea, 
depression,  nasal  discharge,  and  loss  of  conditions" 
(McKercher  et  al,  1959) .  This  form  which  was  referred  to  as 
the  respiratory  form,  was  first  recognized  in  beef  cattle  in 
Colorado  feed  lots  (Madin  et  al,  1956)  .  The  genital  form 
which  is  recognized  as  infectious  pustular  vulvovaginitis 
(IPV)  occurs  in  heifers,  dairy  cows,  and  bulls  (Kendrick  et 
al,  1958)  and  is  characterized  by  hyperemia  of  genital  mucous 
membranes  leading  to  pustule  formation  and  ulceration  (Smith 


et  al.  1976) .  On  occasion  the  major  disease  manifestation  of 
the  virus  in  a  herd  is  meningoencephalitis  in  neonatal  and 
young  calves  (French,  1962)  or  viremic  disease  in  the  same  age 
group,  with  lesions  in  the  upper  portion  of  the  digestive 
tract  and  in  the  parenchymatous  organs  (Baker  et  al,  1960) ; 
keratoconjunctivitis  (Albinanti  and  Pliimer,  1961)  ;  dermal 
infections;  or  abortions  in  cows  (Chow  et  al,  1964;  McKercher 
and  Wada,  1964) .  BHV-1  has  also  been  isolated  from  vesicular 
lesions  of  the  bovine  udder  (Guy  et  al,  1984)  .  Although 
cattle  are  believed  to  be  the  only  significant  natural  host 
of  the  virus  (McKercher,  1973) ,  serological  and  isolation 
techniques  have  been  used  to  implicate  several  other  species 
in  natural  infections,  including  goats  (Mohanty  et  al,  1972)  , 
pigs  (Saxegaard  and  Onstad,  1967;  Derbyshire  and  Caplan, 
1976) ,  and  various  widelife  and  zoological  species  (Stauber 
et  al.  1980;  Zarnke  and  Yuill,  1981). 
LATENT  INFECTION 

Latency,  a  biological  property  of  great  epidemiological 
importance,  is  shared  by  the  herpesviridae  (Honess  and  Watson, 
1977) .  Although  latency  of  BHV-1  in  cattle  is  well  documented 
(Pastoret  et  al,  1982;  Homan  and  Easterday,  1981),  the 
mechanisms  of  this  process  are  still  uncertain  (Splitter  et 
al,  1985) .  Models  developed  by  studies  with  Herpes  Simlex 
virus  (HSV) ,  probably  apply  to  BHV-1  as  well.  A  documented 
theory  of  HSV  latency  suggests  that  the  virus  travels  up  the 
trigeminal  nerve  and  lies  dormant  after  initial  infection 
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until  a  stimulus  to  the  ganglion  causes  virus  release 
(Splitter  et  al,  1985) .  Narita  et  al  (1981)  provided  evidence 
that  the  trigeminal  ganglion  maybe  a  latent  site  for  BHV-1. 
Moreover  the  isolation  of  IBR  virus  from  the  trigeminal 
ganglia  of  normal  animals  (Homan  and  Easterday,  1981)  further 
supported  the  model  mentioned  earlier.  Recently  Rock  et  al 
(1986,  1987)  were  able  to  identify  and  map  BHV-l  RNA  in 
latently  infected  ganglionic  tissues,  using  rabbit  model  with 
insitu  nucleic  acid  hybridization. 

Attentuated  vaccine  strains  can  remain  in  a  latent  state 
(Pastoret  et  al,  1980)  ,  even  after  usual  vaccination  procedure 
(Nettleton  et  al,  1984) .  Reactivation  of  BHV-1  can  occur  by 
means  of  several  endogenous  or  exogenous  stimuli,  including 
the  injection  of  glucocorticoids  especially  dexamethasone 
(Snowdon,  1965;  Sheffy  and  Davis,  1972).  The  reactivation  of 
latent  virus  may  be  followed  by  re-execretion  of  infectious 
particles  (Snowdon,  1965) ,  and  non-infectious  particles 
(Pastoret  et  al,  1979) .  The  re-execretion  of  latent  BHV-1  is 
modulated  by  the  level  of  specific  immunity,  and  whether  this 
immunity  was  induced  by  the  multiplication  of  a  wild-type  or 
attenuated  virus  (Straub  and  Wanger,  1977;  Rossi  and  Kiesel, 
1982)  . 
IMMUNITY  TO  INFECTION 

The  immune  response  of  cattle  to  BHV-1  can  be  attributed 
to  antibody  and  cell-mediated  components  (Gibbs  and  Rweyemanu, 
1977;   Wilkie,   1982),   however   upon   initial   herpesvirus 


infection,  natural  defense  mechanisms  play  a  role  to  limit  and 
curtail  the  infection  and  may  also  have  indirect  effects  on 
the  recrudescent  disease  and  extent  of  latency  (Rouse,  1985)  . 
Adaptive  immunity,  which  takes  sometime  to  develope,  assumes 
more  importance  in  facilitating  recovery  and  enhancing 
resistance  to  reinfection  (Rouse,  1984a,  b) .  Although  humoral 
immune  mechanisms  play  a  significant  role  in  reducing 
infection  and  limiting  the  spread  of  the  virus  (Babiuk  et  al, 
1975) ,  cell-mediated  immunity  (CMI)  is  believed  to  have  a 
principal  role  in  resolving  infection  (Rouse,  1985) . 
Antibody-dependent  cell-mediated  cytoxicity  (ADCC)  has  been 
demonstrated  in  vitro  against  BHV-1-infected  cells  and  it 
occurs  about  the  same  time  of  intracellular  transmission  of 
the  virus  (Rouse  et  al,  1976) .  Complement-associated 
antibody-dependent  cell-mediated  cytoxicity  (ADCC-C)  utilizes 
complement  components  possibly  C3b,  which  may  bind  to  antibody 
and  to  the  effector  cell  via  a  C3b  receptor.  Killing  of 
virally  infected  cells  by  ADCC-C  is  more  effective  than  ADCC 
alone  (Rouse  et  al,  1977) .  IgM  antibody  functions  in  ADCC-C 
but  not  in  ADCC  suggesting  that  this  phenomenon  may  play  a 
role  early  in  in  vivo  defense.  Maternal  antibodies 
transferred  to  the  newborn  in  colostrum  protected  them  against 
the  respiratory  form  (Pospisil  et  al,  1983),  and  the  fatal 
multisystemic  form  of  IBR  (Mechor  et  al,  1987) .  Maternal 
neutralizing  antibodies  are  detected  in  serum  of  calves  from 
immune  dams,  though  titers  are  low,  sometimes  persist  until 


the  calf  is  4  months  old.  Local  humoral  immune  resonse  at 
mucosal  surfaces  is  mediated  principally  by  dimeric  locally 
synthesized,  and  scretory  IgA  (Strokes,  1985) 

Humoral    immune   response   also   serves   as   an 
epidemiological  tool.  An  animal  with  measurable  neutralizing 
antibodies  against  100  tissue  culture  infective  doses  (TCID50) 
is  immune.  Titers  occasionally  reach  1:256,  with  the  average 
ranging  between  1:8  and  1:64  .   The  constant  serum  varying 
virus  neutralization  test   (House  and  Baker,   1971)   is 
reasonably  sensitive  in  the  detection  of  antibody.   Other 
techniques  employed  to  detect  serum  antibody  include  passive 
hemoagglutination  (Whitman  and  Hetrick,  1965;  Kirby  et  al, 
1974) ,  gel  diffusion  techniques  (Kaminjolo  and  Gicho,  197  2) , 
complement-fixation  test  (Wellemans  and  Lenmen,  1973)  and 
indirect  flourescent  antibody  technique  (Assaf  et  al,  1975) , 
Enzyme-linked  immunosorbent  assay  (ELISA)  is  an  important  tool 
with  many  advantages  (Bommeli  and  Kihm,  1980,  1982).   It  has 
been  shown  to  be  more  sensitive  method  for  detecting  antibody 
than  serum  neutralization  test.   Most  recent  studies  involve 
the  improvement  of  micro  and  macro  ELISA  as  a  rapid  method  of 
viral  antigen  detection  and  also  for  detection  of  antibody 
(Collins  et  al,  1985a,  b,  c,  1986,  1988;  Darcel  and  Kozeib, 
1984;  Florent  and  de  Marneffe,  1986;  Herbert  et  al,  1985). 

In  studies  of  both  immunodef fecient  humans  and 
immunosuppressed  animals,  the  capacity  to  generate  an  antibody 
response  can  be  normal  in  the  face  of  sever  herpesvirus 
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infection  (Meyers  et  al,  1980;  Lopez  et  al,  1974).  In  such 
individuals  ,  CMI  is  often  suppressed.  Such  observations, 
along  with  the  knowledge  that  herpesviruses  can  dessiminate 
in  tissue  culture  in  the  presence  of  neutralizing  antibody, 
are  arguments  commonly  taken  in  support  of  a  principal  role 
for  CMI  in  resolving  infection.  In  vitro  evidence  of 
cytotoxic  T  lymphocytes  (CTL)  has  been  found  in  HSV.  Bovine 
peripheral  blood  lymphocytes  from  BHV-1  immunized  cattle, 
expressed  cytotoxicity  to  BHV-1 -infected  cells.  The 
cytotoxicity  was  found  to  be  directly  mediated  by  T  cells  and 
not  attributable  to  ADCC  (Rouse  and  Babiuk,  1977;  Campos  and 
Rossi,  1985).  To  show  the  role  of  CMI  Rouse  and  Babiuk  (1975) 
developed  a  viral  plague  inhibition  assay  which  demonstrated 
that  blood  lymphocyts  from  immune  animals  prevented  viral 
plaque  formation  in  cell  monolayers  infected  with  BHV-1.  The 
reaction  is  specific  and  involves  suppression  of  viral 
replication  rather  than  the  destruction  of  virus  or  virus- 
infected  cells.  The  process  is  believed  to  be  T  cell 
mediated,  and  a  lymphokine  produced  by  the  cooperation  of 
macrophages  and  T  lymphocytes  is  involved.  Polymorphonuclear 
neutrophils  in  the  presence  of  complement  are  also  involved 
in  CMI.  The  mechanism  is  described  as  complement-dependent 
neutrophil-mediated  cytoxicity  (CDNC) ,  and  its  target  is  BHV- 
1-infected  cells  (Grewal  et  al,  1980;  Grewal  and  Rouse,  1980) . 
Several  studies  have  shown  that  BHV-1  infection  in  vivo 
produces  high  levels  of  interferon  in  blood  (Rosenquist  and 


Loan,  1969)  and  nasal  secretions  (McLaughlin  and  Rosenquist, 
1982;  C\iimnins  and  Rosenquist,  1982).  Interferon  levels 
stimulated  in  cultures  by  BHV-1  antigen  inhibited  BHV-1  cell 
infection.  Supernatants  of  virus-infected  bovine  macrophages 
possessed  interfering  activity  (Forman  et  al,  1982) .  These 
findings  suggessted  that  local  production  of  interferon  may 
play  a  role  in  control  of  virus  dissemination  in  vivo  (Spliter 
et  al,  1985) .  Recent  studies  described  levels  of  interferon 
in  serxim,  and  in  the  toxicity  of  E.  coli-derived  bovine  alpha- 
2  interferon  in  dairy  calves  after  intranasal,  intramuscular, 
subcutaneous,  and  intravenous  administration  of  interferon 
(Gillespie  et  ai,  1986) .  In  vitro  protective  effect  of  E. 
coli-derived  bovine  alpha-1  interferon  against  various  strains 
of  BHV-1  was  of  low  order  (Babiuk  et  al,  1985;  Gillespie  et 
ai,  1985) ,  nevertheless  it  ameliorated  the  resulting  disease 
when  compared  to  the  controls,  with  lesser  signs  of  illness 
and  a  delayed  incubation  period  (Babiuk  et  al,  1985) 
VACCINATION 

Immunity  to  viral  infections  depends  on  the  development 
of  an  immune  response  to  antigens  present  on  the  surface  of 
virions  and  virus-infected  cells.  Available  vaccines  consist 
of  attenuated  live  viruses,  inactivated  viruses,  and  subviral 
antigens.  Inactivated  virus  vaccines  prepared  from  whole 
virions,  generally  stimulate  the  development  of  circulating 
antibody,  conferring  some  degree  of  resistance,  but  there  may 
be  some  disadvantages  associated  with  them:   [1]  Immunity 
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conferred  is  often  brief  and  must  be  boosted;  [2] 
hypersensitivity  development  upon  subsequent  infection  by  wild 
virus;  [3]  perenteral  administration  produce  little  or  no  IgA 
response;  [4]  extreme  care  is  required  in  their  preparation 
to  make  certain  that  no  live  virulent  virus  remains  in  the 
vaccine.  On  the  other  hand  live  attenuated  virus  vaccines 
have  the  advantage  of  behaving  like  the  natural  infection  in 
their  effect  on  immunity,  and  generally  stimulate  longer- 
lasting  antibody  production,  however  they  may  have  some 
disadvantages  which  include,  the  risk  of  reversion  to 
virulence,  dissemination  of  adventitious  contaminants,  and 
storage  constraints.  For  many  viral  infections  the 
application  of  live  attenuated  vaccines  is  contraindicated, 
or  conventional  vaccines  are  not  available,  or  ineffective 
for  a  number  of  reasons,  such  as  inability  to  grow  the  agent 
,  unsatisfactory  nature  of  attenuated  strains,  establishment 
of  latency  and  shedding  of  the  agent,  therefore  various 
approaches  to  the  research  and  development  of  new  vaccines 
for  humans  and  animals  are  being  actively  explored. 

The  use  of  synthetic  peptides  as  immunogens  was  first 
suggested  by  Langbeheim  et  al  (1976) .  Rapid  progress  in 
determining  RNA  or  DNA  sequence  of  various  viral  genes  has 
simplified  the  selection  of  peptides  with  potential  antigenic 
activity  (Murphy  and  Chanock,  1985) .  The  feasibility  of  using 
synthetic  peptides  for  inducing  resistance  in  animals  was 
demonstrated  for  foot-and-mouth  disease  virus  (FMDV) .   An 
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icosapeptide,  corresponding  to  the  major  antigenic  site  of  VPl 
of  FMDV,  inoculated  with  Freund's  adjuvant  into  ginea  pigs 
protected  them  against  challenge  with  wild-type  FMDV  (Bittle 
et  al,  1982)  Similar  results  were  demonstrated  with  cattle 
(Bittle  et  al,  1984) .  Similar  studies  have  been  conducted 
with  infleunza  virus  (Green  et  al,  1982;  Arnon  and  Shapira, 
1984),  hepatitis  B  virus  (HBV)  (Gerin  et  al,  1984),  and  HSV 
(Dietzschold  et  al,  1984)  .  With  the  development  of  DNA 
cloning  techniques,  RNA  or  DNA  viral  genes  can  be  cloned  in 
prokaryotic  cells  using  a  plasmid  or  bacteriophage  vector. 
The  cloned  viral  DNA  can  be  expressed  as  viral  proteins  in 
bacteria.  FMDV  VPl  capsid  protein  (Kleid  et  al,  1981)  ,  HBV 
surface  antigen  (Edman  et  al,  1981) ,  infleunza  A  virus 
hemagglutinin  (Emtage  et  al,  1980) ,  rabies  virus  glycoprotein 
(Yelverton  et  al,  1983)  ,  and  HSV  gD  protein  (Watson  et  al. 
1982)  have  been  expressed  in  bacteria. 

The  development  of  recombinant  DNA  technology  and  its 
use  for  genetic  engineering  has  provided  opportunities  to 
construct,  delete,  or  insert  DNA  sequences  at  specific  sites 
of  viral  genomes  (Moss,  1985;  Arsenakis  and  Roizman,  1985). 
Live  recombinant  vaccinia  virus  vaccine  is  made  by  stable 
integration  of  one  or  more  genes  of  important  pathogens  into 
the  vaccinia  virus  genome.  The  constructed  vaccinia  virus 
hybrids  express  these  genes  efficiently,  and  maintain 
infectivity  (Mackett  et  al,  1982;  Panicali  and  Paoletti, 
1982) .   The  glycoprotein  genes  of  the  Indiana  and  NewJersey 

12 


serotypes  of  vesicular  stomatitis  virus  (VSV)  were  introduced 
into  vaccinia  virus  (Mackett  et  al,1985).  Intradermal 
inoculation  of  cattle  with  the  recombinant  vaccine  conferred 
some  degree  of  protection.  The  glycoprotein  D  gene  of  HSV  has 
been  inserted  into  vaccinia  virus  (Cremer  et  al,  1985; 
Paoletti  et  al,  1984) .  Mice  inoculated  with  the  recombinant 
vaccinia  virus  were  protected  against  a  lethal  challenge  with 
HSV-1  (Paoletti  et  al,  1984),  or  both  HSV-1  and  HSV-2  (Cremer 
et  al,  1985) ,  and  against  the  development  of  latent  HSV-l 
infection.  On  the  other  hand  the  unique  structure,  the  size, 
and  the  broad  host  range  of  the  DNA  genomes  of  HSV-1  and  HSV- 
2,  make  them  ideal  vectors  for  the  maintenance  and  expression 
of  their  own  and  of  other  organisms  genes  (Arsenakis  and 
Roizman,  1985) . 

In  the  light  of  the  knowledge  of  genetic  basis  of 
attenuation,  newer  techniques  for  construction  of  viruses  with 
defined  mutations  or  gene  constellation  are  applied  to  the 
development  of  live  virus  vaccines.  Attenuating  mutations  can 
be  induced  by  chemical  mutagenesis,  deletion  of  a  portion  of 
the  viral  genome,  or  gene  reassortment  (Murphy  and  Chanock, 
1985) . 
ANTI-IDIOTYPES 

Jerne's  network  theory  (Jerne,  1974)  implies  that  the 
immune  system  is  maintained  at  an  equilibrium  by  the 
interaction  of  complementary  receptors  expressed  on 
immunocompetent  lymphocytes.   The  variable  region  domains  of 
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these  receptors  (i.e,  antibody  molecules  or  T  cell  receptors) 
are  thought  to  not  only  respond  to  external  antigens,  but  also 
evoke  an  immune  response  in  the  autologous  host.  This 
concept,  initially  defined  for  antibody  molecules,  has  been 
validated  in  experimental  models  (Oudin  and  Michel,  1963; 
Urbain  et  al,  1977)  ,  and  has  led  investigators  to  propose  that 
the  immunogenic ity  of  immunocompetent  receptors  might  have 
practical  applications  for  their  use  as  vaccines  to  infectious 
agents  (Nisonoff  and  Lamoyi,  1981) . 

Idiotypes  (id)  can  be  defined  as  unique  epitopes  within 
the  variable  regions  of  immunoglobulin  (Ig)  molecules  produced 
by  each  individual  B-cell  clone,  or  within  T-cell  receptors 
on  each  individual  T-cell  clone  (Lambert,  1986) .  Thus  the 
anti-idiotypic  (anti-id)  arsenal  comprises  an  anti-B  cell 
receptor  compartment,  including  anti-Ig  id  antibodies 
(Cosenza,  1976;  Bona  et  al,  1978)  and  Ig  id-specific  T-cells 
(Bona  and  Paul,  1979;  Bottomly  and  Hosier,  1979;  Sherr  et  al, 
1981,  Jayarman  and  Bellone,  1982,  Binz  and  Wigzell,  1978),  and 
an  anti-T-cell  receptor  compartment,  including  anti-T-receptor 
clonotypic  antibodies  (Staerz  et  al,  1985)  and  T-receptor- 
specific  T-cells  (Kimura  and  Wilson,  1984;  Lancaster  et  al, 
1985) .  Although  T-cells  have  been  integrated  in  the  anti-id 
arsenal,  the  present  knowledge  of  anti-id  T-cells  is  rather 
limited  (Lambert,  1986) .  Operationally,  a  part  of  the 
variable  region  domain  of  an  antibody  molecule,  the  paratope, 
binds  to  a  complementary  structure,  the  epitope,  of  the 
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antigen.  The  paratope  of  the  anti-id  antibody  binds  to  a 
complementary  structure,  the  idiotope,  of  the  antigen-binding 
antibody.  Idiotopes  within  the  paratope  are  called  paratope- 
associated  idiotopes,  or  paratactic  idiotopes.  Anti-id  to 
paratactic  idiotopes  functionally  mimic  antigen,  and  can  thus 
stimulate  antigen-specific  anti-id  response.  Such  anti-id 
have  been  defined  as  Ab2B  antibodies,  or  "internal  image" 
antibodies  (Jerne  et  al,  1982) .  Part  of  the  Ab2B  populations 
must  have  a  three-dimentional  structure  which  resembles  an 
epitope  of  the  antigen.  Shared  aminoacid  sequences  between 
the  reference  antigen  and  the  variable  region  domain  of  the 
corresponding  Ab26  have  been  described  in  two  systems 
employing  protein  antigens  (Oilier  et  al,  1985;  Bruck  et  al. 
1986) .  The  molecular  basis  of  antigenic  mimicry  of 
polysaccharide  determinants  which  has  been  described  (Stein 
and  Soderstrom,  1984) ,  could  possibly  be  explained  by 
similarities  in  charge  distribution  (Finberg  and  Ertl,  1987). 
There  are  several  examples  which  support  the  concept  of 
internal  image,  demonstrating  that  anti-id  can  mimic  various 
biologically  active  substances  such  as  hormones  (Sege  and 
Paterson,  1978a) ,  vitamins  (Sege  and  Paterson,  1978b) ,  viral 
(Kennedy  and  Dressman,  1984;  Reagan  et  al,  1983;  Uytdehaag  and 
Osterhaus,  1985;  Rubinstein  et  al,  1983),  bacterial  (Stein 
and  Soderstrom,  1984;  McNamara  et  al,  1985),  and  parastic 
antigens  (Sachs,  1982;  Grzyck  et  al,  1985).  Other  types  of 
anti-id  which  include  Ab2a  (Jerne  et  al,  1982),  Ab2e  (Bona, 
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1985) ,  and  autobody  (Kang  and  Kohler,  1986)  have  been 
described. 

Anti-id  vaccines  would  have  several  advantages  over 
conventional  vaccines.  They  are  less  hazardous  since  they 
don't  carry  live  organisms.  Anti-id,  by  virtue  of  stimulating 
the  immune  system  directly,  may  induce  the  production  of 
antibodies  not  generated  by  the  antigen  itself  (Francotte  and 
Urbain,  1984) ,  or  even  overcome  unresponsiveness  to  the 
nominal  antigen  (Stein  and  Soderstrom,  1984) .  Some  anti-id 
might  be  more  effective  in  stimulating  a  T-cell  response  than 
inactivated  vaccines  (Finberg  and  Ertl,  1987) . 

The  principle  of  idiotypic  vaccination  has  been  applied 
successfully  for  several  viral  systems  (hiernaux,  1988) . 
Kennedy  et  al  (1984)  have  produced  rabbit  anti-id  to  hepatitis 
B  surface  antigen,  which  can  induce  virus-  neutralizing 
antibody  in  mice.  Recently,  Kennedy  et  al  (1986)  reported  the 
induction  of  protective  antibody  in  Chimpanzee  by  anti-id. 
In  the  reovirus  type  3  system,  an  anti-id  monoclonal  antibody 
raised  against  anti-reovirus  type  3  monoclonal  antibody, 
prevented  the  infectivity  of  the  reovirus  particles  and  their 
binding  to  target  cells  (Dichter  et  al,  1986)  ;  it  triggered 
anti-reovirus-  like  immune  response  in  various  species 
(Gaulton  et  al,  1986) ,  and  induced  T-cell  immunity  to  reovirus 
type  3  in  naive  mice  (Sharpe  et  al,  1984)  .  In  the  poliovirus 
type  II  and  rabies  virus  systems  immunization  with  anti-id  led 
to  the  production  of  virus-neutralizing  antibodies  (Reagan, 
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1985;  Utdehaag  and  Osterhaus,  1985) .  A  monoclonal 
anticlonotypic  antibody  to  sendai  virus  recognizes  the  T-cell 
receptor  of  a  virus-  specific  T-helper  cell  clone  (Ertl  and 
Finberg,  1984;  Ertl  et  al,  1984).  Immunization  with  the 
anticlonotypic  antibody  induces  protective  immunity  against 
sendai  virus  infection  by  eliciting  T-cell  and  B-cell  immunity 
(Finberg  and  Ertl,  (1986)  . 
ROLE  OF  MONOCLONAL  ANTIBODIES  IN  THE  STUDY  OF  BHV-1 

The  monumental  achievement  of  hybridoma  technology  by 
Kohler  and  Milstein  (1975)  was  the  culmination  of  many 
discoveries  by  other  workers  (Coding,  1986)  .  Of  particular 
importance  were  the  proof  of  the  clonal  selection  theory 
(Burnet,  1957;  Nossal  and  Lederberg,  1958),  the  development 
of  cell  fusion  techniques  (Okada,  1962;  Littlefield,  1964), 
the  artificial  induction  of  plasmacytomas  (Potter  and  Boyce, 
1962) ,  and  finally  the  demonstration  that  it  was  possible  to 
fuse  two  different  plasma  cell  tumour  lines  with  retention  of 
both  antibody  products  (Cotton  and  Milstein,  1973).  Kohler 
and  Milstein  (1975)  first  produced  monoclonal  antibodies 
(Mabs)  by  fusing  mouse  plasmacytoma  cells  with  normal  splenic 
lymphocytes  from  a  mouse  that  has  been  immunized  with  ovine 
erythrocytes.  The  fused  plasmacytoma-lymphocyte  cells 
(hybridomas)  were  grown  in  a  medium  which  permitted  only  the 
growth  of  hybridoma  cells.  They  found  that  several  hybridomas 
secreted  antibodies  that  specifically  recognized  an  anitgenic 
determinant  on  ovine  erythrocytes.   As  the  technology  has 

17 


become  widely  used  some  technical  advances  have  been  made,  but 
the  basic  procedure  is  essentially  similar  to  the  one 
described  by  Kohler  and  Milstein.  The  production  of  Mabs 
involves  immunization  of  rats  or  mice  with  the  desired  antigen 
until  they  make  a  good  antibody  response.  Spleens  are  removed 
and  splenic  lymphocytes  are  fused  to  a  myeloma  line  with  poly 
ethylene  glycol  (PEG) .  The  fusion  protocol  results  in  a 
mixure  of  parental  and  hybrid  cells.  For  selection  of  spleen- 
myeloma  hybrids,  the  classic  hyposanthine-aminopterin- 
thymidine  (HAT)  selection  system  of  Littlefield  (1964)  is 
usually  employed.  The  myeloma  cells  have  been  engineered  with 
a  genetic  defect  in  the  enzyme  hypoxanthine  guanine 
phosphoribosyl  transferase  (HGPRT) .  HGPRT-negative  myeloma 
cells  can't  use  endogenous  hypoxanthine  to  synthesize  purines, 
and  thus  die  in  the  presence  of  aminopterin,  which  blocks  de 
novo  synthesis  of  purines  and  pyrimidines.  Parental  spleen 
cells  although  not  killed  by  aminopterin,  will  not  grow  in 
culture  and  eventually  die.  Only  hybridomas,  which  inherit 
HGPRT  activity  and  antibody  production  from  spleen  cells,  and 
the  ability  to  grow  indefinitely  from  myeloma  cells,  will 
survive  in  HAT  medium.  Rapid  and  sensitive  assays  such  as 
radioimmunoassay  (RIA) ,  and  ELISA  are  used  for  screening 
hybridomas.  Positive  hybridomas  once  subcloned,  can  be  grown 
in  mass  cultures  or  injected  into  syngeneic  mice  to  generate 
high  titer  ascites. 

Mabs  are  homogeneous  populations  of  identical  antibody 
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molecules  arising  from  a  single  B-cell  clone.  Since  their 
initial  description  in  1975,  Mabs  have  made  a  profound  impact 
in  all  areas  of  biological  research  and  biotechnology.  High 
specificity  and  availability  of  murine  Mabs  have  proven 
invaluable  for  expanding  biological  research  in  BHV-1.  The 
use  of  Mabs  have  facilitated  studies  on  defining  biological 
activities  associated  with  the  viral  proteins,  identifying 
epitope  maps  on  important  structural  proteins,  and  recognizing 
immunological  intrrelationship  between  them. 

Van  Drunen  Littel-van  den  Hurk  et  al  (1984)  produced 
and  characterized  a  series  of  Mabs  directed  against  BHV-1 
glycoproteins  (gps)  .  He  demonstrated  that  l80Kd  gp  is  a  dimer 
of  91Kd  gp  and  also  indicated  that  74Kd  gp  and  55Kd  gp,  are 
components  of  a  disulf ied-linked  complex,  130Kd  gp.  Initial 
studies  on  the  biological  activities  of  the  gps  using  Mabs, 
showed  that  130Kd\74Kd\55Kd,  180Kd\91Kd,  and  71Kd  gps 
participated  to  different  extents  in  virus  neutralization,  and 
antibody  and  complement-mediated  (ABC)  cytolysis  of  virus- 
infected  cells  (Misra  et  al,  1982;  Van  Drunen  Littel-van  den 
Hurk  et  al,  1984).  130Kd\74Kd\55Kd,  and  180Kd\91Kd  gps  were 
purified  by  immunoadsorbent  chromatography  using  Mabs.  The 
purified  gps  induced  the  production  of  antibodies,  in  rabbits, 
which  neutralized  viral  infectivity,  and  in  the  presence  of 
complemnt,  lysed  the  virus-infected  cells  (Van  Drunen  Littel- 
van  den  Hurk  and  Babiuk,  1985) .  Using  a  panel  of  Mabs  in  a 
competition  antibody  binding  assay.  Van  Drunen  Littel-van  den 
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Hurk  et  al,  (1985)  were  able  to  identify  9  epitopes  on  the 
180Kd\91Kd  gp,  of  which  6  are  involved  in  ABC  lysis.  Seven 
epitopes  on  the  130Kd\74Kd\55Kd  gp  were  identified,  6  of  which 
are  involved  in  neutralization,  and  3  participate  in  ABC 
lysis.  Marshall  et  al  (1986)  identified  BHV-1  gps  which 
present  on  the  virion's  envelope  and  on  the  surface  of  virus- 
infected  cells.  In  addition  he  described  a  third  set  of 
coprecipitating  gps,  150Kd\77Kd,  and  showed  it  to  be 
immunologically  important.  Other  authers  described  Mabs  with 
different  specificities,  and  used  them  to  study  the  biological 
activities  of  BHV-1  proteins  (Collins  et  al,  1984;  Chang  et 
al,  1986,  Okazaki  et  al,  1986;  Trepanier  et  al,  1986) . 

Mabs  to  BHV-1  have  been  employed  in 
radioimmunoprecipitation,  and  immunoblotting  assays  to  analyse 
the  antigenic  relationship  between  BHV-1  isolates  (Metzler  et 
al,  1986;  Friedli  and  Metzler,  1987). 

In  the  field  of  diagnosis  Collins  et  al  (1985b,  1988) 
described  the  application  of  a  rapid  antigen-capture  ELISA 
for  the  detection  of  BHV-1  using  Mabs. 
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MAMUSCRIPT 


ABSTRACT 

A  panel  of  murine  monoclonal  antibodies  (Mabs)  to  bovine 
herpesvirus  1  (BHV-1)  was  prepared.  These  Mabs  were  directed 
against  different  glycoproteins  (gps)  on  the  virus,  as 
determined  by  radioimmunoprecipitation.  Three  of  them  were 
neutralizing  Mabs  and  reacted  against  130/75/50Kd,  77Kd,  and 
97Kd  gps  respectively.  A  fourth  non-neutralizing  Mab 
recognized  97Kd  gp.  Each  of  the  four  Mabs  reacted  against  a 
different  epitope  by  compitition  radioimmunoassay.  The  four 
Mabs  were  injected  into  rabbits  for  the  production  of  anti- 
idiotypes antibodies  (anti-id) .  Rabbit  antisera  containing 
maximum  anti-idiotypic  activity,  as  identified  by  ELISA,  were 
purified  by  sequential  immunoaffinity  chromatography.  The 
binding  of  BHV-1  Mabs  to  BHV-1  was  inhibited  by  the  respective 
anti-id  using  competitive  ELISA.  This  inhibition  suggested 
that,  the  anti-id  were  specific  to  the  variable  region  of  the 
antigen  combining  site  of  Mab.  Absence  of  significant  cross- 
reactivity  among  the  anti-id  for  heterologous  Mab  indicated 
that  the  anti-id  recognized  unique  determinants  on  the 
variable  region  of  the  homologous  Mab.  ' 
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INTRODUCTION 

Bovine  herpesvirus  type  1  (BHV-1)  is  an  important 
pathogen  of  cattle  producing  many  types  of  illnesses  such  as 
rhinotracheitis ,  conjunctivitis,  pustular  vulvovagintis, 
encephalomyelitis  and  fatal  systemic  infection  (Kahrs,  1977) . 
BHV-1  contributes  considerably  to  the  causes  of  bovine 
respiratory  diseases  (Jansen,  1980) ,  and  has  been  described 
as  a  significant  component  of  the  disease  complex  (Lupton  and 
Reed,  1980) .  The  disease  presents  a  major  economical  problem 
in  feedlot  and  dairy  herds,  and  has  been  reported  from  most 
parts  of  the  world.  Attempts  to  control  the  disease  by 
vaccination  dates  back  to  the  work  of  Schwartz  et  al  (1957) , 
who  developed  the  first  live  attenuated  IBR  vaccine  by  rapid 
passage  in  bovine  cell  cultures.  Subsequently  a  number  of 
live  attenuated  vaccines  have  been  developed  by  adaptation  to 
different  culture  systems  (Schwartz  et  al,  1958;  Zuscheck  and 
Chow,  1961;  Inaba,  1975;  Bartha,  1974;  Todd  et  al,  1971). 
Although  the  vaccines  stimulated  cell-mediated  immunity  (CMI) 
as  well  as  antibody  response  to  IBR  (Gerber  et  al,  1978)  ,  many 
investigators  have  reported  shedding  of  IBR  virus  from 
vaccinated  animals  which  may  serve  as  a  source  of  infection 
to  susceptible  cattle  (Kelling  et  al,  1973;  Straub,  1976). 
Moreover,  latency  of  vaccine  strains  in  vaccinated  animals 
doesn't  prevent  reinfection  and  latency  of  wild-type  virus 
(Kahrs,  1976;  Nettleton  and  Sharp,  1980;  Pastoret  et  al, 
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1981) .  Temperature-sensitive  (ts)  vaccines  have  been  prepared 
through  selection  of  ts-mutant  clones  (Pastoret  et  al,  1980; 
Rossi  and  Kiesel,  1982),  however  latency  may  be  established 
and  virus  shedding  particularly  in  stressed  animals  may  occur. 
The  use  of  inactivated  virus  vaccines  circumvented  the  problem 
of  postvaccination  reaction,  latency,  and  reactivation  of  IBR 
virus  (McKercher,  1971;  Kelling  et  al,  1973;  Wilson,  1974; 
Roberts  et  al,  1974) ,  however  these  vaccines  may  not  provide 
adequate  protection  against  field  exposure  to  BHV-1,  and  as 
a  result  mild  disease  may  ensue  with  resulting  viral  latency 
(Frerichis  et  al,  1982) . 

In  order  to  achieve  the  development  of  more  efficient 
vaccines  against  herpesviruses,  various  modern 
biotechnological  approaches  are  being  actively  explored.  A 
novel  approach  is  the  production  of  idiotype  vaccines.  The 
network  hypothesis  of  Neils  Jerne  (1974)  provided  an  elegant 
concept  for  developing  vaccines,  in  which  anti-idiotype 
antibodies  (anti-id)  which  represent  internal  images  of  the 
original  antigen,  may  be  used  to  prime  or  stimulate  the  immune 
system  (Nisonoff  and  Lamoyi,  1981) .  The  principle  of 
idiotypic  vaccination  has  been  applied  successfully  for 
several  viral  systems  (Cell  and  Moss,  1985;  Kennedy  et  al, 
1985;  Reagan  et  al,  1983;  Sharpe  et  al,  1984;  Tanaka  et  al, 
1986;  Uytdehaag  and  Osterhaus,  1985;  Gaulton  et  al,  1986). 

This    communication    describes    the    production, 
purification,   and  characterization   of   anti-id  to   four 
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different  BHV-1  Mabs. 

MATERIALS  AND  METHODS 
Cells  and  viruses; 

Madin-Darby  bovine  kidney  (MDBK)  cells  were  grown  in 
minimiom  essential  medium  (MEM)  (Gibco  Laboratories,  Grand 
Island,  N.Y.)  supplemented  with  10%  fetal  bovine  serum  (FBS) 
(Hyclone  Laboratories,  Logan,  Utah) .  The  cooper-1  strain  of 
BHV-1  obtained  from  American  Type  Culture  Collection 
(Rockville,  Md.)  was  used  throughout  the  study. 
Virus  purification; 

Cells  were  infected  with  BHV-1  at  a  multiplicity  of 
infection  (MOI)  of  0.10,  maintained  in  MEM  containing  5%  FBS, 
and  harvested  when  complete  CPE  was  observed.  Virus-infected 
cell  were  frozen  at  -70 "C,  thawed  and  clarified  by 
centrifugation  at  5000  Xg  for  30  minutes.  The  supernatant 
was  ultracentrifuged  over  a  3  ml  cushion  of  25%  sucrose  (w/v) 
in  TEN  buffer  (0.01  M  Tris  hydrochloride,  0.001  M  EDTA,  0.1 
M  NaCl,  pH  7.2)  at  25000  rpm  in  an  SW27  rotor  (Beckman 
Instrument,  Inc.  Fullerton,  CA) .  The  pellet  was  resuspended 
in  TEN  buffer  to  1;60  of  the  original  volume.  The  purified 
virus  was  sonicated  (Sonic  Dismembrator,  model  300,  Fisher) 
for  10  seconds  and  assayed  by  TCID50  (Karber,  1931)  and  by 
plaque  methods  (Dulbecco,  1952) . 
Monoclonal  antibodies; 

Balb\c  mice  were  immunized  with  purified  BHV-1  in  PBS, 
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inactivated  by  a  lO-minute  exposure  to  UV  irradiation.  Each 
mouse  recieved  three  doses  of  10*  TCID50  of  virus 
intraperitoneally  at  biweekly  intervals.  After  one  month, 
the  mouse  was  boosted  with  the  same  preparation,  and  4  days 
later,  sacrificed.  Fusion  of  splenocytes  with  mouse  myeloma 
cells  P3\X63\Ag8.653  was  performed  according  to  the  methods 
described  by  Fazekas  de  St.  Groth  and  Scheidegger  (1980)  and 
Molinaro  and  Nakamara  (1982) .  Supernatants  of  growing 
hybridomas  were  screened  for  production  of  BHV-l-specif ic 
antibodies  by  ELISA.  Subcloning  of  positive  clones  was 
performed  in  microtiter  plates  by  using  the  limiting  dilution 
method.  Ascites  fluids  were  obtained  by  intraperitoneal 
injection  of  2X10^  to  5X10^  specific  antibody-producing 
hybridoma  cells  into  pristane  (2,6, 10, 14-tetramethyl 
pentadecane,  Aldrich  Chemicals,  Inc.  Milwaukee) -primed  Balb\c 
mice.  Ascites  fluid  was  collected  and  IgG  was  immediatetly 
purified  on  protein  A-sepharose  affinity  column  (Beckman 
Ins.).  Subisotype  specificities  of  Mabs  were  determined  by 
using  mouse  Mab  sub-isotyping  kit  (Hyclone  Laboratories) . 
Neutralization  assays; 

Mab  ascites  fluids  were  diluted  in  MEM  containing  5% 
FBS,  and  incubated  with  50-100  pfu  of  virus  for  1  hour  at 
37 "C.  Antibody-virus  mixures  were  added  to  the  confluent  MDBK 
monolayers  in  petri  dishes,  adsorbed  for  4  5  minutes,  and 
followed  by  the  addition  of  medium-agar  mixure  (1%  purified 
agar  in  Dullecco  MEM  plus  10%  FBS)  .    After  3  days  of 
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incxibation,  monolayers  were  stained  with  neutral  red  for 
overnight  before  plaques  were  counted.  Titers  were  expressed 
as  reciprocals  of  the  highest  dilutions  which  reduced  plaques 
by  50%.  Neutralization  assay  using  TCID50  method  was  performed 
as  described  previously  (Trepanier  et  ai#  1986) . 
Radioimmunoprecipitation : 

Confleunt  monolayers  of  MDBK  cells  were  inoculated  with 
BHV-1  at  MOI  of  1  to  3.  After  adsorption  of  the  virus  for  1 
hour,  the  monolayers  were  supplemented  with  methionine  (met)  - 
free  MEM  containing  2%  FBS  and  incubated  at  37 °C.  At  6  hours 
post  infection  (PI),  10  uCi  of  s"-met  (1094  CP/m  mol,  Du  Pont 
Co,  Wilmington,  DE)  per  ml  of  met-free  MEM  was  added  to  the 
culture.  Cells  were  washed  with  PBS  24  hour  PI,  and 
solubilized  in  RIPA  buffer  (50  mM  Tris,  500  mM  NaCl,  5  mM 
EDTA,  50  um  of  PMSF,  pH  7.4),  1%  Triton  X-100,  and  0.1%  SDS)  )  . 
The  cell  lysates  were  left  on  ice  for  15  minutes  and  clarified 
by  centrifugation  for  1  hour  in  a  microfuge  (Model  235B, 
Fisher  Co.)  at  4°C.  Freshly  prepared  cell  lysates  (200  ul) 
were  mixed  with  10  ul  of  Mab  ascites  fluid  and  incubated 
overnight  at  4''C.  50  ul  of  10%  protein  A-sepharose  CL-4B 
(Sigma  chem.  Co.,  St.  Louis,  MO)  in  RIPA  buffer  were  added  and 
incubated  for  an  additional  2  hours.  The  sepharose  beads  were 
washed  four-times  with  RIPA  buffer  (same  as  described 
previously  except  it  contained  150  mM  NaCl  and  no  PMSF)  , 
resuspended  in  sample  buffer  (0.0625  M  Tris-HCl  [pH  6.8],  2.3 
SDS,  10%  glycerol,  5%  B-mercapto-ethanol ,  0.00125%  Bromophenol 
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blue),  boiled  for  5  minutes,  and  analysed  by  SDS-PAGE  and 

autoradiography . 

lodination  of  monoclonal  antibodies: 

The  protein  concentrations  of  purified  Mabs  were 
determined  using  Bio-Rad  reagents  (Bio-Rad  Laboratories, 
Richmond,  CA) .  lodination  of  Mabs  was  done  according  to  the 
methods  of  MarJcwell  (1982).  Briefly  purified  Mab  in  PBS  at 
a  concentration  of  0.4  to  1.0  mg  of  protein  per  ml  was 
incubated  with  250  uCi  of  Nal"^  (ICN  Radiochemicals,  Irvine, 
CA)  plus  2  iodo-beads  (Pierce,  Rockford,  Illinois)  for  15 
minutes  at  room  temperature.  l"^-labeled  Mab  was  separated  by 
Excellulose  GF-5  desalting  column  (Pierce) ,  assayed  by  RIA  and 
ELISA,  and  stored  at  -20 'C  until  used. 
Radioimmunoassay  (RIA) ; 

Polysterine  microtiter  plates  (Immulon  2,  Dynatech 
laboratories  Inc,  Alexandria,  VA)  were  coated  with  10^  TCID50 
of  purified  BHV-1  per  ml  of  0.05  M  carbonate  buffer,  pH  9.6, 
for  two  hours  at  SVC.  Non-specific  sites  were  blocked  by 
incubating  wells  with  0.01  M  PBS,  pH  7.4,  containing  0.05% 
Tween  20  and  1%  horse  serum  (PBS-T-HS) .  Plates  were  washed 
with  PBS-T  and  incubated  for  two  hours  at  37 °C  with  100  ul  per 
well  of  several  dilutions  of  each  competitor  Mab.  Plates  were 
washed  and  100  ul  of  l"*-labeled  Mab  were  added  and  incubated 
for  1  hour  at  37 °C.  Plates  were  washed  thoroughly,  and 
radioactivity  was  measured  by  a  gamma  counter.  The  percentage 
competition  was  calculated  as  described  by  Kimura-Kuroda  and 
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Yasui  (1983) ,  using  the  formula: 

[100  (A-n)  ]  /  (A-B)  ,  where  A  is  the  count  in  the  absence  of 

competitor  antibody,  B  is  the  count  in  the  presence  of 

homologous  antibody,  and  n  is  the  count  in  the  presence  of 

competitor  antibody. 

Production  of  anti-idiotypes; 

Female  New  Zealand  White  rabbits  were  injected 
subcutaneously  at  multiple  sites  along  the  back,  with  3  00  ug 
of  protein  A-sepharose-purif ied  Mab  emulsified  in  Freund's 
Complete  Adjuvant.  A  second  and  a  third  intramuscular 
injections  in  Incomplete  Freund's  Adjuvant,  and  in  PBS 
respectively,  each  containing  300  ug  of  protein,  were  given 
at  biweekly  intervals.  Anti-Mab  sera  were  collected 
periodically  throughout  the  immunization  schedule  and  analysed 
for  anti-id  activity  by  ELISA  using  purified  Mab  and  purified 
normal  mouse  IgG  coated  plates.  The  coating  concentrations 
were  predetermined  by  checker-board  titration.  Sera  were 
diluted  in  PBS-T,  added  to  the  plate  and  incubated  for  one 
hour  at  37 'C.  Plates  were  washed  and  peroxidase-conjugated 
goat  anti-rabbit  IgG  (Hyclone)  was  added  to  each  well  followed 
by  substrate ( 2 , 2  azino-di  [ (3-ethylbenzthiazoline  sulfonic 
acid) ]  (ABTS) .  Absorbance  at  405  nm  was  measured  using  a  Bio- 
Teck  immunoasay  reader. 
Purification  of  anti-idiotvpes: 

The  highest  idiotype-specific  activity  was  detected  in 
senam  samples  collected  two  weeks  after  the  initial  injection, 
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as  determined  by  ELISA.  Pooled  rabbit  serum  of  different 
samples  at  this  period  was  purified  and  used  throughout  the 
study.  To  remove  anti-mouse  isotype  and  allotype  antibodies, 
the  rabbit  anti-id  serum  was  passed  over  an  affinity  column 
made  by  coupling  normal  Balb\c  mouse  IgG  to  Affi-gel  10  (Bio- 
Rad) .  The  anti-id  were  passed  through  the  column  with  10  mM 
Tris-HCl,  pH  7.4.  Anti-mouse  isotype  and  allotype  antibodies 
were  eluted  with  0.1  M  glycine  buffer  pH  2.5,  and  immediately 
neutralized  with  1.0  M  NaCOj,  pH  8.0.  The  effluent  was 
further  passed  over  protein  A-sepharose  column  (Bec)cman)  to 
isolate  idiotype-specif ic  IgGs. 
Anti-idiotype  inhibition  assay: 

Polyvinyle  chloride  microtiter  plates  were  coated  with 
100  ul  per  well  of  10^  TCID50  of  purified  virus  per  ml.  Plates 
were  washed  and  blocked  as  described  previously.  Four- fold 
dilutions  of  anti-id  or  preimmunization  sera  in  PBS-T-HS  were 
incubated  with  equal  volumes  of  diluted  Mab  and  allowed  to 
react  for  one  hour  at  37 °C.  The  mixures  were  added  to  the 
wells  and  incxibated  for  30  minutes  at  37 °C.  Bound  Mab  was 
detected  with  peroxidase-conjugated  goat  anti-mouse  IgG. 
Controls  consisted  of  PBS-T-HS  and  Mab  preincubated  with  PBS- 
T-HS.  Results  were  expressed  as  percentage  inhibition  of  Mab 
binding,  according  to  the  following  formula: 

(A^o5  of  Mab  control)  -  (A405  of  sample  mixure)  X  100 

A^os  of  Mab  control 
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RESULTS 

Characteristics  of  monoclonal  antibodies; 

Initial  screening  by  ELISA  of  the  supernatants  obtained 
from  hybridomas,  revealed  25  clones  that  reacted  specifically 
with  BHV-1.  After  further  selection  12  stable  cell  lines 
producing  Mabs  were  fully  characterized.  Antigen 
specificities  of  Mabs  were  determined  by  immunoprecipitation 
of  S^^-met-labeled  polypeptides  from  BHV-1-infected  and  mock- 
infected  cells.  Results  of  immunoprecipitation  are 
illustrated  for  selected  Mabs  in  Fig.  1  and  summerized  in 
table  I.  Three  patterns  were  observed:  one  group  of  Mabs 
reacted  against  gps  130Kd,  75Kd,  and  50Kd,  a  second  group 
recognized  gp  77Kd,  and  a  third  group  precipitated  gp  97Kd. 
None  of  the  Mabs  precipitated  polypeptides  from  mock- infected 
cells. 

Four  Mabs  were  selected  from  this  panel  to  produce  anti- 
id  in  rabbits.  The  Mabs,  83,  lllB,  R54,  and  38  were  chosen 
because  they  reacted  against  immunologically  important  virus 
gps.  Three  of  them  (83,  lllB,  and  R54)  strongly  neutralized 
viral  infectivity,  whereas  38  was  non-neutralizing.  Results 
of  competition  RIA  between  these  Mabs  showed  that  they  were 
directed  to  different  epitopes  on  the  virus  gps. 
Preparation  of  anti-idiotypes; 

Each  Mab  was  purified  from  ascites  fluid  and  injected 
into  a  pair  of  rabbits  to  produce  anti-id  as  described.   The 
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specificity  of  each  hyperimmune  semam  to  its  immunizing  Mab 
was  monitored  by  ELISA  throughout  the  immunization  schedule. 
As  represented  by  lllB  Mab  dose-response  curve  (Fig.  2)  ,  there 
is  an  initial  increase  in  anti-id  response  after  the  first 
dose  until  it  reaches  a  maximum  about  the  second  dose,  after 
which  it  plateaus.  The  highest  specific  anti-id  reaction 
occured  10  to  14  days  after  the  first  injection.  A  pool  of 
this  sertim  was  purified  as  described  previously.  The  success 
of  the  purification  procedure  was  monitored  by  ELISA,  and 
typical  results  were  shown  for  anti-id  lllB  in  Fig.  3.  Before 
adsorption,  the  hyperimmune  serum  to  lllB  Mab  reacted  both 
with  normal  mouse  IgG  and  lllB  Mab,  suggesting  a  reaction  to 
common  determinants  (isotypes) .  Immunoglobulins  which  were 
eluted  from  the  normal  mouse  affinity  column  reacted  strongly 
with  both  antigens,  indicating  that  it  contained  the  anti- 
isotype  and  anti-allotype  antibodies.  In  contrast  the 
material  which  passed  through  the  column  reacted  only  with  the 
Mab  and  therefore  contained  the  anti-id. 

In  order  to  determine  the  presence  of  cross-reactive 
idiotopes  among  the  Mabs  used  for  the  production  of  anti-id, 
each  purified  anti-id  preparation  was  tested  against 
homologous  and  heterologous  Mab  by  ELISA.  Table  II  shows  that 
each  anti-id  was  specific,  with  a  high  titer,  to  its 
corresponding  immunizing  Mab.  To  demonstrate  that  the 
specific  response  of  each  anti-id  to  its  homologous  Mab,  is 
directed  to  the  antigen-combining  site  of  the  Mab,   an 

32 


inhibition  ELISA  was  conducted.  As  shown  in  Fig.  4,  each 
anti-id  inhibited  the  binding  of  its  homologous  Mab  to  BHV-1. 
The  inhibition  occured  in  a  dose-dependent  manner  suggesting 
that  each  anti-id  is  directed  against  the  antigen-combining 
site  of  the  Mab. 

DISCUSSION 

In  the  present  study  anti-idiotype  antibodies  were 
prepared  against  4  different  anti-BHV-1  Mabs  with  the 
intention  of  generating  a  population  of  internal  image 
antibodies  which  would  mimic  an  important  antigenic 
determinant  on  the  virus.  Rabbit  polyclonal  anti-id  antisera 
were  produced  following  a  xenogeneic  immunization  protocol, 
as  it  has  been  reported  by  several  investigators  that  anti-id 
of  xenogeneic  origin  are  most  immunogenic  (Victor-Korbin, 
1988) .  Data  illustrated  in  Fig.  3  shows  clearly  the  success 
of  the  procedure  used  for  the  purification  of  anti-id. 
Reactions  of  the  purified  anti-id  against  the  normal  mouse  IgG 
were  insignificant  indicating  the  removal  of  contaminating 
anti-isotype  and  anti-allotype  antibodies  in  the  anti-id 
serum. 

Table  II  reveals  that  the  anti-id  were  highly  specific 
for  their  homologous  Mab  which  further  indicated  absence  of 
cross-reactive  idiotopes  among  the  Mabs.  This  observation  is 
supported  by  the  fact  that,  the  Mabs  were  found  to  bind 
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different  epitopes  on  the  virus,  as  determined  by  competition 
RIA.  Similar  findings  have  been  described  by  Reagan  et  aj. 
(1983) .  Each  anti-id  was  found  to  inhibit  the  binding  of  its 
homologous  Mab  to  the  virus  in  a  dose-dependent  fashion  (Fig. 
4)  ,  suggesting  that  these  anti-id  contain  populations  of 
antibodies  specific  to  the  variable  region  of  the  Mab  and  most 
likely  may  mimic  epitopes  on  the  virus.  The  inhibition  of  Mab 
binding  to  the  virus  by  anti-id  have  been  described  before, 
for  the  characterization  of  Herpes  simplex  virus  anti-id 
(Lathey  et  al,  1986) .  Anti-id  reagents  which  react 
specifically  with  the  antigen-combining  sites  of  antibodies, 
were  successfully  used  to  specifically  prime  or  stimulate  the 
immune  system  against  a  given  antigen  (Kennedy  et  al,  1986; 
Gaul ton  et  al,  1986;  Reagan,  1985),  however  immune  suppression 
has  also  been  reported  (Cosenza  and  Kohler,  1972  Kearney  et 
al,  1981) . 

BHV-1  Mabs  used  to  produce  ant  i- id  in  this  study, 
recognized  neutralizing  epitopes  on  130/75/50Kd,  97Kd,  and 
77Kd  structural  virus  proteins.  These  glycoproteins  were 
identified  by  several  investigators  to  be  involved  in  the 
immune  recognition,  attachment,  and  penetration  of  susceptible 
host  cells  (Van  Drunen  Littel-van  den  Hurk  et  al,  1984;  and 
Babiuk,  1985;  Chang  et  al,  1986).  Marshall  et  al  (1986) 
showed  that  130/75/50Kd  and  97Kd  gps  as  important  components 
of  BHV-1  envelope  and  the  surface  of  BHV-1-infected  cells. 
Production  of  internal  image  anti-id  to  these  gps  would  be  of 
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obvious  benefit  as  vaccine  candidates,  as  well  as  probes  for 
cell  receptors. 
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Figure  1:  Polypeptide  specificities  of  BHV-1  monoclonal 
antibodies.  SDS-PAGE  and  autoradiography  analysis 
of  S^'-methionine-labeled  polypeptides  from  mock- 
infected  (lanes  3,  5,  and  7),  and  BHV-1-infected 
(lanes  4,  6,  and  8)  cells.  Cell  lysates  were 
precipitated  with  Mabs  secreted  by  hybridomas  83 
(lanes  3  and  4),  lllB  (lanes  5  and  6),  and  38  (lanes 
7  and  8)  .  Lanes  1  and  2  show  all  S^^-methionine- 
labeled  polypeptides  from  mock-infected  (lane  1)  and 
BHV-1-infected  (lane  2)  cell  lysates. 
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Immunoprecipitation  of  BHV-1  polypeptides 
by  monoclonal  antibodies 
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Figure  2:  Anti-idiotype  response  in  rabbits  injected  with  Mab. 
Rabbits  were  immunized  with  300  ug  of  purified  Mab 
(lllB)  emulsified  in  Complete  Freund's  Adjuvant  [ 
dose  1;  subcut.],  in  Incomlete  Freund's  Adjuvant 
[dose  2;  i/m] ,  and  in  saline  [dose  3;  i/m] .  Animals 
were  bled  at  different  time-intervals,  and  sera 
[1:10000]  were  tested  against  Mab  (lllB) -coated 
microtiter  plates  by  ELISA. 
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Figure  3 :  Assay  of  the  purification  procedure  of  anti- 
idiotypes. Anti-id  to  lllB  Mab  was  tested  against 
lllB  Mab  (A)  ,  and  normal  mouse  IgG  (B)  ,  by  ELISA. 
Plate  coating  concentrations  were  predetermined  by 
checker-board  titration.  Serial  dilutions  of 
preimmunization  serum,  pool  of  primary  immune 
response  before  adsorption  with  normal  mouse 
affinity  column,  after  adsorption,  and  material 
eluted  from  the  affinity  column  were  added  to  the 
plates  in  duplicate  of  wells.  Bound  antibodies  were 
detected  by  addition  of  anti-rabbit  peroxidase- 
conjugated  IgG,  followed  by  addition  of  substrate. 
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Figure  4:  Analysis  of  anti-idiotypes  bv  compitition  ELISA. 
Microtiter  polyvinyle  plates  were  coated  with  a 
pretitrated  amount  of  partially  purified  BHV-1  A 
limiting  dilution  of  each  Mab  was  inciibated  with 
four-fold  serial  dilutions  of  homologous  purified 
anti-id  or  preimmunization  IgG  for  30  minutes  at 
37  °C.    The  mixure  was  added  to  the  plates  in 
duplicates,  and  incubated  for  another  30  minutes  at 
37 'C.   Bound  Mabs  were  detected  by  the  addition  of 
anti-mouse  peroxidase-conjugated  IgG,  followed  by 
addition  of  substrate.    Percent  inhibition  was 
calculated  according  to  the  following  formula: 
[  A405  Mab  control]  -  [  A^qj  sample  mixure] 
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Table  I:  Characteristics  of  BHV-1  monoclonal  antibodies. 

a.  Mabs  selected  for  the  production  of  anti-id. 

b.  Subisotyping  was  determined  by  ELISA  using  a  kit 
from  Hyclone. 

c.  Virus-neutralization  titers  were  determined  by 
plaque  reduction  test  using  ascites  fluid. 

d.  Titers  were  expressed  as  reciprocals  of  the 
highest  dilutions  which  gave  A^qs  twice  the  blank. 
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Characteristics  of  BHV-1  monoclonal  antibodies 


Mab 
Designation 

Protein 
Specificity 

Isotype 
Specificity'' 

Virus  Neutral- 
lisation  Titer*^ 

ELISA 
Titer"" 

lllB' 

77  Kd 

IgG2a 

3000 

10^ 

83" 

130/75/50  Kd 

IgG3 

10000 

2X10* 

38" 

97  Kd 

IgG2a 

0 

10= 

R54' 

97  Kd 

IgGl 

3000 

10' 

12 

77  Kd 

IgG2a 

100 

10= 

66 

130/75/50  Kd 

IgG2b 

0 

10= 

94 

130/75/50  Kd 

IgGl 

0 

10* 

lOB 

97  Kd 

IgG2a 

0 

10= 

3 

97  Kd 

IgG2a 

0 

10= 

24 

97  Kd 

IgG2a 

100 

10= 

92 

97  Kd 

IgGl 

100 

10* 

40 

97  Kd 

IgG2a 

0 

10* 

Table  II:  Reactivity  of  anti-idiotypes  with  homologous  and 
heterologous  Mab  by  ELISA.  Predetermined 
concentrations  of  purified  Mab  and  normal  mouse  IgG 
were  used  to  coat  plates.  Purified  anti-id  were 
diluted  to  the  same  protein  concentration.  Serial 
dilutions  of  each  anti-id  were  added  to  the  plates. 
Titers  of  anti-id  were  expressed  as  reciprocals  of 
the  highest  dilutions  which  gave  absorbance  greater 
than  two-times  the  control. 
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Reactivity  of  anti-idiotypes  against 
homologous  and  heterologous  monoclonal  antibodies 


Mab 


Purified  anti-id  IgG 


Anti-lllB 


Anti-83 


Anti-38 


Anti-R54 


lllB 
83 
38 

R54 
Normal  moues  IgG   <100 


60000 

<100 

100 

<100 

<100 

20000 

<100 

<100 

<100 

<100 

20000 

<100 

<100 

<100 

<100 

60000 

<100 

<100 

<100 

<100 
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APPENDIX 


DETAILED  METHODOLOGY 
Virus  purification 

BHV-1-infected  MDBK  cultures  were  harvested,  when 
maximvm  CPE  was  observed,  frozen-thawed  twice,  and  clarified 
by  centrifugation  in  Sorval  RC-5B  at  5000  rpm  for  30  minutes. 
All  steps  for  virus  purification  were  carried  out  at  4°C. 
Potassium  tartarate  solutions  (w\v)  were  prepared  in  TEN 
buffer,  pH  7.2.  Clarified  virus  was  concentrated  60X  by  using 
ultrafiltration  cell  (Amicon  model  402  equiped  with  a  100000 
M.W.  cutoff  membrane;  Amicon,  MA,  USA) .  0.5  ml  of 
concentrated  virus  was  layered  onto  a  preformed  15%  -  45% 
potassium  tartarate  gradint  made  as  follows:  45%  (4ml) ,  35% 
(2ml)  ,  25%  (2ml)  ,  and  15%  (8ml)  ,  and  ultracentrifuged,  with 
low  acceleration  and  low  decceleration  at  25000  rpm  for  90 
minutes  in  Beckman  L5-65  (SW  27  rotor) .  1  ml  fractions  were 
collected  and  tested  for  virus  infectivity  by  TCID50. 
Fractions  showing  high  virus  titers  (6th  -  8th  fractions  from 
bottom  of  the  tube)  were  pooled,  diluted  in  TEN  buffer  and 
ultracentrifuged  at  25000  rpm  for  5  hours  to  remove  tartarate. 
The  pellet  was  suspended  in  TEN  buffer  and  stored  at  -70C° 
until  plaque  assayed. 
Determination  of  TCID^q 

Tissue  culture  infectious  dose  50  (TCID50)  was  performed 
in  96  well  microtiter  plates.  Monolayers  of  MDBK  cell 
cultures  were  infected  with  0.2  ml  of  serial  log  dilutions  of 
stock  virus  (4  wells  per  dilution) .    The  cultures  were 
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examined  for  CPE  48  -  72  hours  post  inoculation.   TCID50  was 
calculated  according  to  the  method  of  Karber  (1931) . 
Protein  determination 

The  protein  concentration  of  purified  virus,  MAb,  or 
rabbit  IgG  was  determined  by  the  Bio-Rad  microassay  method. 
Bovine  plasma  gamma  globulin  (BGG;  1.25  mg/  ml  DDH2O  stock 
solution)  was  used  as  standard  protein,  aliquated  and 
stored  at  -20 °C.  The  test  was  performed  in  96  well  microtiter 
plate  (Dynatech  Laboratories  Inc,  Alexandria,  VA) .  40  ul  of 
concenterated  dye  reagent  were  placed  in  each  well.  The 
standard  curve  was  determined  by  adding  10,  20,  30,  upto  lOOul 
of  0.1  mg/ml  of  BGG  in  duplicate  of  wells.  Experimintal 
samples  were  diluted  to  match  the  standard  in  concentration, 
and  added  to  wells.  The  volume  content  of  each  well  was 
brought  to  200  ul  by  sample  buffer.  After  thorough  mixing, 
absorbance  at  600  nm  was  measured  by  EIA  reader  within  5-60 
minutes.  Wells  containing  only  dye  and  buffer  were  used  to 
blank  the  instrument. 
Production  of  hybridomas 

Spleen  from  previously  immunized  mouse  was  removed, 
placed  in  a  petri  dish,  and  washed  in  tow  changes  of  5  ml 
serum-free  Dulbecco  MEM  (DMEM) .  The  body  of  the  spleen  was 
massaged  gently,  pinched  off  at  one  end,  and  its  contents  were 
emptied  into  the  medium.  Spleen  cells  were  mixed  thoroughly, 
washed  twice  with  DMEM  by  centrifugation  at  1000  rpm  for  10 
minutes,  and  resuspended  in  10  ml  of  serum-free  DMEM.  Myeloma 
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cells  (P3/X63/Ag8.653)  were  washed  three  times  with  DMEM  by 
centrifugation  at  1200  rpm  for  10  minutes,  counted,  and 
resuspended  in  10  ml  of  semm-free  DMEM.  Spleen  cells  (2X10®) 
were  mixed  with  5X10^  myeloma  cells  (4:1  ratio).  The  mixure 
was  centrifuged  at  800  rpm  for  10  minutes  to  form  a  loose 
pellet.  Supernatant  was  discarded  leaving  enough  liquid  (0.2 
ml)  to  loosen  the  pellet.  1  ml  of  warm  50%  polyethylene 
glycol  (PEG)  was  added  to  the  pellet  over  a  one-minute  period 
with  gentle  tapping  of  the  tube,  and  allowed  to  stand  for  90 
seconds.  10  ml  of  serum-free  DMEM  were  then  added  over  a 
five-minute  period,  and  allowed  to  stand  for  10  minutes.  The 
content  was  gently  mixed  by  pipetting  five  times  to  resuspend 
the  cells.  The  cell  suspension  was  centrifuged  at  800  rpm  for 
10  minutes.  The  supernatant  was  discarded  and  the  pellet  was 
resuspended  in  DMEM  plus  10%  FBS,  and  centrifuged  at  1000  rpm 
for  10  minutes.  The  pelleted  cells  were  finally  resuspended 
in  192  ml  of  HAT  medium  containing  20%  FBS,  and  seeded  in  24- 
well  plates  at  a  rate  of  1  ml  per  well.  The  plates  were 
previously  seeded  with  10^  macrophages  per  ml  per  well. 
Plates  were  covered  with  aliminum  foil,  and  incubated  at  37 "C, 
7%  COj. 
Immunoprec  ip  itat  ion 

Confluent  monolayers  of  MDBK  cells,  grown  in  60X15  mm 
plates,  were  infected  with  BHV-1  at  MOI  of  1  to  2,  and 
supplemented  with  3  ml  of  medium  made  by  mixing  equal  volumes 
of  Methionine-free  MEM,  and  MEM  plus  5%  FBS.   At  6  hour  post 
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infection  (PI)  ,  medium  was  aspirated,  and  cultures  were  washed 
once  with  PBS,  pH  7.2.  4  ml  of  Met-free  MEM  plus  2%  FBS, 
containing  5-10  uCi  of  (S^^) -Methionine  per  ml  were  added  and 
incxibated  at  37C.  22  -  24  hour  PI  media  were  collected  for 
virus  concentration,  cultures  were  washed  with  cold  PBS,  and 
lysed  in  1  ml/dish  of  RIPA  lysis  buffer,  pH  7.4.  All  steps 
of  cell  harvest  were  done  on  ice.  Labeled  cell  lysates  were 
frozen- thawed  twice,  left  on  ice  for  15  minutes,  and 
centrifuged  for  one  hour  in  a  microfuge.  200  ul  of 
supernatant  were  incubated  with  50  ul  of  polyclonal  antisera, 
or  10  ul  of  MAb  ascites,  in  polysterine  microfuge  tubes, 
overnight  at  4°C  with  rotation.  50  ul  of  protein  A  sepharose 
CL-4B  (10%  w/v  in  RIPA  washing  buffer)  were  added  to  each  tube 
and  incubated  for  2  hours  with  rotation  at  4°C.  The  immune 
complexes  were  then  washed  in  three  changes  of  RIPA  washing 
buffer  (1  ml  per  wash)  by  centrifugation  for  5  minutes  at  4°C. 
After  the  final  wash,  supernatants  were  discarded  and  the 
pelleted  complexes  were  resuspended  in  100  ul  SDS-sample 
buffer,  pH  6.8,  boiled  for  5  minutes  and  centrifuged  for  5  to 
10  minutes.  The  supernatants  were  collected  and  used 
immediately,  or  stored  at  -20 °C.  The  samples  were  boiled  for 
5  minutes  prior  to  loading  on  the  gel.  After  electrophoresis 
gels  were  dried,  and  visualized  by  autoradiography.  An  X-ray 
film  (X-Omat  AR,  Kodak  diagnostic  film)  was  placed  between  the 
dried  gel,  and  the  screen  in  a  film  cassette.  The  cassette 
was  folded,  fastened,  and  clamped  between  two  plywood  boards. 
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Exposure  was  carried  out  at  -70 °C  for  3-6  days. 
lodination  of  proteins 

The  whole  process  of  iodination  was  done  in  a  certified 
exhaust  hood.   The  protein  concentration  of  purified  MAb  was 
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determined.  The  content  of  1000  uCi  of  Nal  was 
reconstituted  in  0.5  ml  of  PBS,  pH  7.2.  50  ug  of  purified  MAb 
in  100  ul  of  PBS  was  placed  in  a  microfuge  tube.  500  uCi  of 
Nal"^  plus  2  iodobeads  (Pierce,  Rockford,  111)  were  added  to 
the  txibe,  and  left  to  react  for  15  minutes  at  room 
temperature.  The  reaction  was  ended  by  transferring  the 
mixure  (without  beads)  to  an  Excellulose  GF-5  desalting  column 
(Pierce) ,  previously  equilibrated  with  10  ml  of  buffer.  The 
reaction  tube  was  washed  with  150  ul  of  buffer  and  transferred 
to  the  column.  1%  horse  serum,  as  a  carrier,  was  added  to  the 
mixure  in  the  column.  After  removal  of  the  0.5  ml  of  buffer 
in  the  first  wash,  the  l"'-labeled  MAb  was  eluted  in  1.5  ml  of 
buffer  in  the  second  wash,  and  finally  the  column  was  washed 
with  2  ml  of  buffer  to  remove  unreacted  iodine  .  The  three 
washes  were  assayed  by  RIA  and  ELISA.  The  I^^^-MAb  was  stored 
at  -20 °C  until  used. 
Enzyme-linked  immunosorbent  assay  fELISA) 

ELISA  was  used  to  analyse  MAb  and  anti-id.  Polyvinyle 
chloride  microtiter  plates  (Dynatech  lab.)  were  coated  with 
100  ul  per  well  of  antigen  (partially  purified  virus,  or  MAb 
diluted  in  0.05  M  carbonate  buffer,  pH  9.6)  for  1.5  hour  at 
37 "C.   The  coating  concentrations  of  virus,  and  MAb  were 
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predetermined  by  checkerboard  titrations.  Non-specific 
reactions  were  blocked  by  adding  PBS  containing  1%  heat 
inactivated  horse  serum  (250  ul)  to  each  well,  and  incubating 
for  1  hour  at  37 'C.  Plates  were  washed  four  times  with  PBS 
containing  0.05%  Tween  20  (PBS-T)  between  each  successive 
step.  Test  antibody  diluted  in  PBS-T  plus  1%  horse  serum 
(PBS-T-HS)  was  added  to  the  wells.  Bound  antibody  was 
detected  by  peroxidase-conjugated,  affinity-purified,  goat 
anti-mouse,  or  anti-rabbit  IgG  (Hyclone  lab.)  diluted  in  PBS- 
T  plus  1%  goat  serum.  Substrate,  2,2  azino-di-  [ (3-ethylbenz- 
thiazoline  sulfonic  acid)]  (ABTS)  plus  0.002  M  HjOj  in  0.05  M 
citrate  buffer  at  pH  4  was  added  to  the  wells,  and  incubated 
for  20  minutes  at  room  temperature,  then  absorbance  at  405  nm 
was  measured  using  a  Bio-Teck  Immunoassay  Reader.  The  titers 
were  expressed  as  reciprocals  of  the  highest  dilutions  which 
give  absorbance  two  times  greater  than  negative  controls. 
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PREPARATION  OF  REAGENTS 

ABTS  :  Stock  solution  of  (2,2 '-Azino-Di  (3- 
ethylbenzthiazoline  sulfonic  acid) 
Dieunonium  salt  0.5487  g 

Deionized  distled  water  (DDi.  HjO)       25  ml 
Cover  container  with  aliminium  foil,  and  store  at 
4'C.   To  prepare  substrate  solution  add  125  ul  of 
stock  ABTS  to  25  ml  citrate  buffer  containing  100  ul 
hydrogen  peroxide  (HjOj)  . 

Agar  :  2%  purified  agar  in  DDi.  HjO  is  autoclaved  at  15  lbs. 
for  30  minutes.  At  45 °C  water  path,  equal  volumes  of 
2%  agar,  and  2X  DMEM  are  mixed  and  used  for  plaguing. 

Antibiotics  :  A  stock  solution  (100  ml)  contains: 

Penicillin  G  10®  i.u 

Streptomycin  1  g 

Kanamycin  50  mg 

Dissolve  in  sterile  DDi.  HjO.   One  ml  of  stock 
solution  is  added  to  one  liter  of  media  (MEM,  or 
RPMI) .   Geramycin  (Gentamycin) ,  at  0.25  ml  per  liter, 
is  added  to  media  prior  filtration. 

Autoradiography 

Developing  solutions; 

Kodak  GBX  developer  and  replinisher:   103  ml  in  370 

ml  DDi.  HjO 

Stop  solution:  acetic  acid        1:100  in  DDi.  HjO 
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Kodak  fixer  89.5  g  in  500  ml  DDi.  HjO 

Store  developer  and  fixer  in  dark  containers  at  room 
temperature . 
Developing  procedure: 

GBX  developer  2-3  minutes 

Stop  solution  1  minute 

Fixer  5  minutes 

Rinse  with  running  tap  water  for  20-30  minutes  and 
air  dry. 

Buffers 

Carbonate ;  lOX  stock  solution,  pH  9.6 

NazCOa  15.9  g 

NaHCOa  29.3  g 

Dissolve  in  one  liter,  and  adjust  pH  with  NaOH 
pellets.  Working  solution  is  prepared  by  diluting 
stock  slution  1:10  in  DDiHzO,  and  used  for  coating 
antigens  to  ELISA  plates. 

Citrate  buffer:  for  ABTS  45  mM,  pH  4.0 

Citric  acid  9.5  g 

DDi.  H2O  900  ml 

Dissolve  and  adjust  pH  to  4.0  with  1  N  NaOH  (about  60 
ml).   Q.S  to  one  liter,  autoclave  at  15  lbs.  for  15 
minutes,  and  store  at  4C. 

Phosphate  buffered  saline  (PBS) 

ELISA  PBS:  10  mM,  pH  7.4 

NaCl  8.0  g 
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KHzPO* 

0.2  g 

KCl 

0.2  g 

plus  one  of  the  following  three: 

NajHPO^  (anhydrous) 

1.15  g 

or  NajHPO^.  7H2O 

2.17  g 

or  NazHPO^.  12H2O 

2.9  g 

Dissolve  in  one  liter  with  DDi.  HjO,  and  use  for 
ELISA  or  dialysis. 
1:  250  mM,  pH  7.2 

Basic  solutions: 
Solution  #  1: 

NazHPO^.  7H2O  134  g  in  a 

liter  of  DDi.  HjO. 
Solution  #  2: 

NaHaPO^.  H2O  69.1  g  in  a 

liter  of  DDi.  H2O. 
Buffer  stock:  pH  7.15 
Solution  #  1 
Solution  #  2 
DDi.  H2O 

PBS  working  solution.  pH  7.2 
Buffer  stock 
NaCl 
DDi.  H2O 

autoclave  at  15  lbs.  for  15  minutes. 
RIPA  fRadioimmunoprecipitation  assay)  Buffer;  pH  7.4 
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386 

;  ml 

114 

:  ml 

500 

ml 

80 

ml 

17 

g 

1920  ] 

ml 

/A  t  ~ 


50  mM  Tris-HCl  0.605  g 

500  mM  NaCl  2.923  g 

1%  Triton  X-100  1.0  ml 

5  mM  EDTA  0.1901  ml 

0.1%  SDS  0.1  g 

Protease  inhibitors  are  added  at  the  rate  of  50  ug 
for  PMSF  (Phenylmethyl  sulfonyl fluoride) ,  and  10 
ug/ml  of  Aprotinin.  Dissolve  in  100  ml  of  DDi.  HgO. 
This  buffer  is  used  for  lysis  of  cells. 

RIPA  rwashina  buffer^ ;  pH  7.4    (100  ml  DDi.  HjO) 
10  mM  Tris-HCl 
150  mM  NaCl 
1%  Triton  X-100 
1  mM  EDTA 

1%  Sodium  deoxycholate 
0.1%  SDS 

SDS-  Sample  Buffer.  pH  6.8,  100  ml 
62.5  mM  Tris-HCl 
10%  glycerol 
5%  B-mercapto-ethanol 
2.3%  SDS 

0.00125  %  Bromophenol  Blue 
Dissolve  in  100  ml  DDi.  H2O,  and  adjust  pH  6.8  with 
HCl.  Donot  add  base  if  too  much  acid  is  added.  Store 
at  4'C. 

TEN  Buffer.  pH  7.2;  lOX  stock  solution  . 

63 


0. 

.121  g 

0. 

,877  g 

1. 

,0  ml 

0. 

,03802  g 

1. 

,0  g 

0. 

,1  g 

1. 

,51  g 

10  ml 

5 

ml 

2. 

3  g 

00125  g 

10  mM  Tris-HCl  12.11  g 

1  mM  EDTA  3.72  g 

100  mM  NaCl  58.44  g 

Dissolve  in  100  ml  of  DDi.  HjO,  sterilize  by 
filtration  through  0.45  u  filter.   Store  at  4"C. 

Electrophoresis  reagents; 

Acrylamide  stock  (30%) ; 

29.2%  Acrylamide  monomer  29.2  g 

0.8%  Methylene-bis-acrylamide  0.8  g 

DDi.  H2O  100  ml 

Dissolve  by  stirring  for  1  hour  at  room  temperature. 
Filter  through  Watman  #  1  paper,  cover  with  foil  and 
store  at  4"C. 

Lower  gel  buffer.  pH  8.8 

Tris-base  36.34  g 

SDS  0.8  g 

Dissolve  in  200  ml  DDi.  HjO.   Adjust  pH  with  HCl,  and 
donot  add  base  if  too  much  acid  is  added.   Store  at 
4'C. 

Upper  gel  buffer.  pH6.8 

Tris-base  6.06  g 

SDS  0.4  g 

Dissolve  in  100  ml  of  DDi.  HjO,  and  adjust  the  pH  to 
6.8  in  a  similar  way  to  lower  gel  buffer. 

Running  buffer.  pH  8.3 

25  mM  Tris-base  6.06  g 
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192  mM  glycine  28.84  g 

0.1%  SDS  2.0  g 

Dissolve  in  2  liters  of  DD.  HjO,  pH  doesnot  require 
ad j  ustment . 

10%  Slab  Gel; 

Lower  Gel  (Running  Gel) : 

Lower  gel  buffer  6  ml 

30%  acrylamide  8  ml 

DDi.  HaO  10  ml 

10%  Ammonium  per sulfate  40  ul 

TEMED  20  ul 

Degas  for  10  minutes,  add  ammonium  persulfate,  and 
TEMED,  and  load. 

Upper  Gel  (Stacking  Gel) ; 

Upper  gel  bufer  3  ml 

30%  acrylamide  1.8  ml 

DDi.  H2O  7.2  ml 

10%  ammonium  persulfate  40  ul 

TEMED  15  ul 

Treat  in  a  similar  way  to  upper  gel. 

Stain: 

0.2%  Coomassie  brillant  blue 

50%  Methanol 

12%  Glacial  acetic  acid 

Make  to  one  liter  with  DDi.  H2O.   Cover  gel 

completely  with  stain  and  rock  for  4  hours,  the  stain 
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is  reusable. 
Destain; 

20%  Ethanol 

10%  Glacial  acetic  acid 

Make  to  one  liter  with  DDi.  HgO. 
HAT  fHvpoxanthine  Aminopterin  Thymidine)  Medium; 

Stock  Solutions; 

HT  fHvpoxanthine  Thymidine) ;  lOOX 

Hypoxanthine  0.1361  g 

Thymidine  0.0378  g 

Dissolve  in  100  ml  DDi.  HjO  by  stirring  at  45  -  50C 

for  one  hour,  store  at  -20 °C. 

Aminopterin;  lOOX  (4-amino-folic  acid;  4-aminopteroyl 

glutamic  acid) 

Aminopterin  0.00176  g 

Add  90  ml  of  DDi.  HjO.   To  dissolve  add  0.5  ml  1  N 

NaOH.   After  adjusting  the  volume  to  100  ml, 

neutralize  the  solution  by  adding  0.5  ml  1  N  HCl. 

Store  at  -20 °C  protected  from  light. 

Glutamine:  lOOX 

Dissolve  3  g  in  100  ml  of  DDi.  H2O. 

Sodium  pvruvate;  lOOX 

Dissolve  1.1  g  in  100  ml  of  DDi.  HjO. 

HAT  fvorkina  medium) ; 

To  500  ml  of  complete  DMEM,  add  the  following: 

HT  stock  solution  5  ml 
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Aminopterin  stock  solution  5  ml 

Glutamine  stock  7.5  ml 

Sodivim  pyruvate  stock  5  ml 

Non-essential  aminoacids  MEM-IOOX        5  ml 
Vitamin  solution  MEM-IOOX  5  ml 

Add  the  required  serum,  wrap  bottle  in  foil,  and 
store  at  4°C. 

Hydrogen  peroxide fH;03)  :  3%,  500  mM 

Add  1.7  ml  to  100  ml  DDi.  HjO.   Cover  with  foil  and 
store  at  4°C. 

Methionine-free  MEM; 

lOX  Eagles  salt  100  ml 

lOOX  antibiotics  10  ml 

lOOX  CaClj  10  ml 

lOOX  MEM  vitamins  10  ml 

10 OX  glutamine  10  ml 

SOX  aminoacids  stock  (without  Met)       20  ml 
10%  glucose  5  ml 

Gentamycin  0.25  ml 

DDi.  H2O  835  ml 

Sterilize  by  filtration  and  store  at  4°C. 

Neutral  red:  1%  stock  solution 

Prepare  in  DDi.  H2O,  dissolve  by  stirring  at  low  heat 
for  30  to  60  minutes,  filter  through  two  pieces  of 
Watman  #  1  and  #  2  papers,  autoclave  at  10  lbs.  for  5 
to  7  minutes,  cover  with  foil  and  store  at  4C.   Use 
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1.2  ml  per  100  ml  agar-media  mixure  for  plaguing. 

Polyethylene  glycol (PEG):  50%  (w\v) 

Melt  5  g  of  PEG  (M.W  4000)   and  sterilize  by 
autoclaving  at  15  lbs.  for  30  minutes,  cool  to  50C 
in  a  water  bath,  and  combine  with  5  ml  of  0.2% 
glucose  in  PBS  to  form  50%  PEG. 

Trypsin;  stock  solution  0.25% 

Dissolve  2.5  g  trypsin  powder  in  a  liter  of  PBS,  pH 
7.2.   Filter  through  0.45  u  filter,  and  store  at 
-20°C. 

Trypsin-EDTA; 

0.25%  trypsin  stock  20  ml 

10%  EDTA  0.5  ml 

PBS,  pH  7.2  30  ml 

Mix  and  store  at  -20 'C. 
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REAGENTS  AND  ADDRESSES 


ABTS  (2,2 '-Azino-Di  (3 -Ethyl  Benz 
thiazoline  Sulfonic  Acid)  Diaimnonium 
salt 


Sigma,  Chem.  Co., 
St.  Louis,  MO. 


Acrylamide 


Agar 


Aminopterin  (4 -amino- folic  acid; 
4-aminopteroyl  glutamic  acid) 

Ammonivim  per  sulfate 


Citric  acid 


Coomassie  brillant  blue  R 


EDTA  (Ethylene  Diamine  Tetraacetic 
Sodium  salt 

Fetal  bovine  serum 


Freund's  adjuvants 

Glycerol 

Glycine 

Hepes 

Hydrogen  peroxide 

Hypoxanthine  (6-hydroxypurine) 


Iodine  (l"^)  (Nal"^) 


Polysciences,  Inc. 
Warrington ,  PA . 

Difco, 
Detroit ,  MI . 

Sigma,  Chem.  Co. , 
St.  Louis,  MO. 

Bio-Rad, 
Richmond,  CA. 

Fisher  Scientific 
Co.  Fair  Lawn,  NJ 

Sigma,  Chem.  Co. , 
St. Louis,  MO. 

Acid)Sigma,  Chem.  Co., 
St. Louis,  MO. 

Hazelton  Res. 
Prod . Denver ,  PA . 

Difco, 
Detroit,  MI. 

Amer.  Scientific 
Prod.  McGaw,  IL. 

Polyscinces  Inc, 
Warrington,  PA. 

Sigma,  Chem.  Co., 
St.  Louis,  MO. 

Fisher  Scientific 
Co.,  Fair  Lawn,NJ 

Sigma,  Chem.  Co., 
St.  Louis,  MO. 

ICN  Radiochemicals 
Irvine,  CA. 
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Kodak  developer  and  replenisher 

Fixer 

X-  Omat  AR  film  (XAR-5) 

Mercaptoethanol 


N , N ' -Methylene-bisacrylamide 


MEM 


MOPS 


Neutral  red 


Non-Essential  aminoacids  MEM-IOOX 


Polyethylene  glycol  (PEG) 


Sodivim  bicarbonate  (NaHCOg) 


Sodium  carbonate  (NazCOa) 


Sodium  deoxycholate 


Sucrose 


Sulfur  [35] -Methionine  (S"-Met) 


TEMED 


Thymidine 


Tris  (Trizma  base) 


Trypsin 


East  Kodak  Co. , 
Rochester,  NY. 


Sigma,  Chem.  Co., 
St.  Louis,  MO. 

East  Kodak  Co., 
Rochester,  NY. 

KC-  Biological  Co. 
Lenexa ,  KS . 

Sigma,  Chem.  Co. , 
St.  Louis,  MO. 

Fisher  Scientific 
Co. ,  Fair  Lawn,  NJ 

Irvine  Scientific 
Santa  Ana,  CA 

Sigma,  Chem.  Co., 
St.  Louis,  MO. 

Gibco  Lab. 
Chagrin  Falls,  OH. 

Fisher  Scientific 
Co.,  Fair  Lawn,  NJ 

Sigma,  Chem.  Co. , 
St.  Louis,  MO. 

Sigma,  Chem.  Co., 
St.  Louis,  MO. 

Du  Pont  Co . , 
Wilmington,  DE. 

Bio-Rad 
Richmond,  CA. 

Nutr . Biochem . Cor . 
Cleavland,  OH. 

Sigma,  Chem.  Co. 
St.  Louis,  MO. 

Difco 
Detroit,  MI. 


70 


Tween  20 


Vitamins  solution  MEM-IOOX 


Fisher  Scientific 
Co. ,  Fair  Lawn,  NJ 

Irvine  Scientific 
Santa  Ana,  CA. 
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ABSTRACT 

Mouse  monoclonal  antibodies  (Mabs)  to  bovine  herpesvirus-1 
(BHV-1)  were  produced  and  characterized.  Balb\c  mice  (8  to 
9  weeks  old)  were  immunized  with  purified  BHV-1,  boosted,  and 
sacrificed  for  fusion.  Splenocytes  were  fused  with  mouse 
myeloma  cells  P3/X63/Ag8 . 653  and  the  resultant  hybridomas  were 
selectively  grown  in  hypoxanthine-aminopterin-thymidine 
medium.  Screening  of  hybridomas  by  ELISA  revealed  25  BHV-1 
specific  clones,  of  them  12  stable  Mab  producing  cell  lines 
were  fully  characterized.  Antigen  specificities  of  the  Mabs 
were  determined  by  immunoprecipitation  of  Sgs-methionine- 
labeled  BHV-1  polypeptides.  One  group  of  Mabs  reacted  with 
glycoproteins  (gps)  130Kd\75Kd,  and  50Kd,  a  second  group 
recognized  gp  77Kd,  and  a  third  group  precipitated  gp  97Kd. 
Four  Mabs  were  selected  from  this  panel  to  produce  anti- 
idiotypic  antibodies  (anti-id)  in  rabbits.  Three  of  the  Mabs 
possessed  neutralizing  activity  and  reacted  against  the 
130\75\50Kd,  77Kd,  and  97Kd  gps  respectively.  The  fourth  non- 
neutralizing  Mab  reacted  against  the  97Kd  gp.  All  four  Mabs 
recognized  different  epitopes  on  the  virion  as  determined  by 
compitition  radioimmunoassay.  Mabs  ascites  fluids  were 
obtained  ,  and  purified  on  protein  A-sepharose  affinity 
column. 

Female  New  Zealand  White  rabbits  were  immunized  with 
300  ug  of  purified  Mab.  Three  doses  were  injected  at  biweekly 
intervals.   Antisera  were  collected  periodically  throughout 


the  immunization  schedule  and  analysed  for  anti-id  by  ELISA. 
The  highest  idiotype-specific  activity  was  detected  in  serum 
samples  collected  two  weeks  after  the  initial  injection. 
Pooled  rabbit  sera  of  different  samples  at  this  period  were 
purified  on  affinity  column  made  by  coupling  normal  mouse  IgG 
to  affi-gel  10,  to  remove  anti-isotypic  and  anti-allotypic 
antibodies.  The  flowthrough  from  the  column  was  again  passed 
over  protein  A-sepharose  column  to  isolate  idiotype-specific 
IgGs. 

The  purified  anti-id  were  characterized  by  competitive 
ELISA.  The  binding  of  BHV-1  Mabs  to  BHV-1  was  inhibited  by 
the  respective  anti-id,  suggesting  that,  the  anti-id  were 
specific  to  the  variable  region  of  the  antigen  combining  site 
of  Mab  and  probably  mimic  the  epitope  structure  on  the  virus. 
In  order  to  determine  the  presence  or  absence  of  cross- 
reactive  idiotopes  among  the  Mabs  used  for  the  production  of 
anti-id,  each  purified  anti-id  preparation  was  tested  against 
homologous  and  heterologous  Mab  by  ELISA.  Each  anti-id  was 
specific,  with  a  high  titer,  to  its  corresponding  Mab 
suggesting  absence  of  cross-reactive  idiotopes. 


